Escherichia coli RNA polymerase exists in two different forms, one less active than the other under standard assay conditions. Conversion of the active to the inactive form requires ATP-Mg++. The reverse, inactive to active enzyme conversion, requires Mg++. Covalently bound adenylic acid residue(s) are contained in the inactive form.
Transcription of phage and bacterial genes by RNA polymerase seems to be regulated by two different control mechanisms. One of them stimulates the ability of the enzyme to transcribe certain DNA templates, and requires a specific protein factor, called 6 (1) . The other control mechanism prevents the transcription by an active polymerase and requires the presence of a specific protein factor-the repressor (2) . These two different control mechanisms appear to be quite specific. The first operates as a positive control in the sequential expression of certain genomes; the second exerts a negative control on the genome transcription coordinated with the input of environmental signals.
This paper reports that Escherichia coli RNA-polymerase exists in two interconvertible forms of different activity. The results obtained in this work provide evidence for the existence of another mechanism of control of bacterial gene expression.
MATERIALS AND METHODS
The following buffer solutions were used: A, 10 mM Tris* HCl (pH 8.4)-i mM EDTA-5 mM ,3-mercaptoethanol; B, 50 mM Tris HCl (pH 7.5)-20 mM EDTA-50 mM NaF-10 mM,-mercaptoethanol; C, 50 mM Tris HCl (pH 7.5)-i mM EDTA-5 mM NaF-5 mM (3-mercaptoethanol.
RNA polymerase was purified from E. coli A-19 by the method of Babinet (3) up to step Si. Column chromatography of this fraction was as follows: about 13 ml of the Si fraction, containing 26 mg protein/ml, was loaded on a DEAE-Sephadex A-50 column (3 X 25 cm) equilibrated with buffer solution A. The column was washed with the same buffer solution until the absorbance of the eluate, measured at 280 nm, was below 0.1. Then it was eluted successively with 250 ml of buffer solution A containing 0.25 M KCl and 250 ml of this buffer solution containing 0.4 M KCl. The fractions from each elution step were pooled and precipitated with solid ammonium sulfate (60 g/100 ml). After centrifugation for 10 min at 10,000 X g, the precipitates were taken up in a minimal volume of buffer solution A, and were dialyzed for 4 Incubation for polymerase conversion was carried out as follows: about 0.140 mg of protein of the 0.40 enzyme fraction, containing the RNA polymerase activity, was incubated at 370C for different periods, with the indicated additions, in a total volume of 0.03 ml. The reaction was stopped by the addition of 1.5 ml of ice-cold buffer solution C. RNA polymerase activity was assayed on 0.15-ml aliquots of these diluted samples plus the following additions: 0.2 mM CTP, UTP, GTP, and (H] ATP (2000 cpm/nmol), 1.6 mM MnCl2, 0.01 mg calf-thymus DNA, 40 mM Tris* HCl buffer, pH 7.4, and 4 mM mercaptoethanol. The total volume was 0.25 ml. Incubations were at 370C for 10 min; the reactions were stopped by the addition of 3 ml of cold 5% trichloroacetic acid. The precipitates were collected on nitrocellulose (Millipore) filters, washed several times with 5% cold trichloroacetic acid, and counted for radioactivity in a scintillation spectrometer using a toluene-2,5 diphenyloxazole-1, 4 bis[2-(4-methyl-5-phenyl) oxazolyl]-benzene mixture.
In some experiments, the enzyme samples were passed through Sephadex G-25 columns prior to the assay for polymerase activity. The volumes of the 0.40 fraction and the additions were doubled and the reaction was stopped with 0.07 ml of ice-cold buffer solution B. After this, 0.01 ml of a 3% hemoglobin solution was added to the mixture. The samples were then passed through Sephadex G-25 columns (0.8 X 10 cm) equilibrated with buffer solution C. RNA polymerase activity was assayed on the colored effluent as indicated above.
The labeling of the enzyme fraction was carried out as follows: 0.14 mg of protein of the 0.40 fraction was incubated with a or -y labeled [32P]ATP (10 mCi/,Mmol) or [U-14C]ATP (0.5 mCi/ymol) with the indicated concentrations of MgCl2.
The total volume was 0.03 ml. Incubations were performed at 370C. The reaction was stopped by the addition of 3 ml of cold 5% trichloroacetic acid plus 10 Mmol of ATP. The precipitates were collected and counted for radioactivity as indicated for the polymerase assay. In some experiments, the volumes of the incubation mixtures were increased 60 times and the concentration of MgCl2 was adjusted to 0.74 mM. In these circumstances, the reaction was stopped by the addition of an equal volume of the buffer solution B. After the solution was mixed, the protein was precipitated with 3 volumes of cold saturated ammonium sulfate solution. The precipitate was collected by centrifugation at 10,000 X g for 10 min, then it was taken in a small volume of the same buffer solution. This labeled enzyme fraction was dialyzed ( Therefore, it appears that inactivation of the polymerase is the result of an adenylylation of the enzyme molecule. In order to verify this presumptive conclusion, the 0.40 fraction was incubated either with [a-32P]-or [14C ]ATP. After that, the enzyme was precipitated with ammonium sulfate, dialyzed, and chromatographed on a DEAE-Sephadex column. As can be seen in Fig. 2 the remaining enzyme activity was eluted in a peak, with almost all of the radioactivity insoluble in 5% trichloroacetic acid. This peak was further precipitated with ammonium sulfate and dialyzed. As shown in Fig. 3 , when the labeled enzyme preparation was incubated in the presence of Mg++, it lost radioactivity in a time-dependent reaction.
Under these conditions, a 14C-labeled product appeared; it was soluble in 5% trichloroacetic acid. This compound behaved during paper chromatography (ethanol-1 M ammonium acetate, pH 7.4,70:35) as 5'-AMP.
Some experimental results indicate that the radioactivity was covalently bound to the protein. The radioactivity coprecipitated with the protein in 5% trichloroacetic acid and, after exhaustive dialysis of the labeled protein against 40% urea and water, the radioactivity remained in the sack. In addition, after tryptic hydrolysis of the labeled enzyme, a radioactive product soluble in 5% trichloroacetic acid was obtained.
The evidence thus obtained might indicate that E. coli RNA polymerase interconverts according to the following scheme:
ATP-Mg + +(1) ACTIVE ENZYMEI Mg + (2) INACTIVE ENZYME (adenylylated) Some properties of the reactions (1) and (2) responsible for these interconversions were studied. Fig. 4 , the maximum rate of inactivation was obtained when the ratio of ATP to Mg++ was about 1. The increase in activity of the polymerase at higher concentrations of Mg++ might indicate an increase in the rate of reaction (2) . This assumption is favored by the fact that the liberation of radioactivity from a '4C-labeled enzyme was strongly stimulated in the presence of Mg++ (Fig. 3) . This enzyme preparation was submitted to a polyacrylamide gel electrophoresis in the presence of sodium dodecylsulfate. Five protein bands were obtained, with the mobilities of ##r', 6, 1A a, and w as were previously described (5, 8) . Probably one of these bands corresponds to the enzyme responsible for reaction (2) .
In the experiment shown in Fig. 1 , the addition of a protein fraction eluted from the DEAE-Sephadex column with 0.25 M KCI (0.25 fraction) almost reverses the effect of ATP-Mg++ in a time-dependent reaction. As this fraction contains an active adenylate kinase and 5'-nucleotidase, its effect could be due to the removal of ATP. Since the observed effects would be a balance between reactions (1) and (2) , it is obvious that a diminution in the rate of reaction (1) leads to an increase in the polymerase activity. No polymerase activity was detected in the 0.25 fraction.
In conclusion, our results show that E. coli RNA polymerase can exist in two different forms, one more active than the other under the conditions of the assay. The less-active form appears to be the adenylylated form of the active enzyme. Interconversion between active and inactive forms of E. coli RNA polymerase may play an important role in the transcription of bacterial genes during the cell cycle of growth. This kind of control mechanism differs from those previously described (1, 2) .
